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(54) STEEL FOR INDUCTION HARDENING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide steel for induction hardening which has 
excellent wear resistance and pitting resistance. 

SOLUTION: The steel for induction hardening contains alloy elements of, by mass, 0.30 
to 0.50% C, 0.30 to 1.50% Si and 0.30 to 1.50% Mn. and the balance Fe with inevitable 
impurities, and is applied to parts having excellent wear resistance and an excellent 
pitting resisting life as shown in the figure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Steel for induction hardening applied to the components with which the content of an alloy element excelled [ % / mass ] in 
the remainder by consisting of Fe and an unescapable impurity at abrasion resistance and p itching-proof nature C:0.30 - 0.50%, Si:0.30- 
1.50%, and Mn:0.30-1.50%. 

[Claim 2] Steel for induction hardening containing one sort which was chosen from nickel:0.03-3.00%, Cr:0.05~0.30%, and Mo:0.01-1.50% 
by mass % in addition to the alloy element according to claim 1, or two sorts or more applied to the components excellent in abrasion 
resistance and pitching-proof nature. 

[Claim 3] Steel for induction hardening containing one sort which was chosen by mass % from V:0.05 - 0.50%, B:0.0005 - 0.0050%, 
Ti:0.02-0.05%, and Nb:0.005-0.200% in addition to the alloy element according to claim 1 or 2, or two sorts or more applied to the 
components excellent in abrasion resistance and pitching-proof nature. 

[Claim 4] Steel for induction hardening which contains aluminum:0.005-0.050% and N:<=0.015% by mass % in any 1 term of claims 1-3 in 
addition to the alloy element of a publication and which is applied to the components excellent in abrasion resistance and pitching- 
proof nature. 

[Claim 5] Steel for induction hardening containing one sort which was chosen as any 1 term of claims 1-4 by mass % from S:0.003 - 
0.020%, Pb:0.03-0.20%, Bi:0.03-O.15%, and calcium:0.0003-0.0050% in addition to the alloy element of a publication, or two sorts or more 
applied to the components excellent in abrasion resistance and pitching-proof nature. 

[Claim 6] Steel for induction hardening applied to the components excellent in abrasion resistance given in any 1 term of claims 1-5 
whose Vickers hardness numbers at the time of annealing at 300 degrees C after induction hardening processing are 500 or more HV, 
and pitching-proof nature. 
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bETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the steel for induction hardening which obtains the high degree-of-hardness 
. components excellent in abrasion resistance and pitching-proof nature. 
[0002] 

[Description of the Prior Art] In the steering components and shaft of an automobile, it is JIS until now. The coal mine was used while 
being represented by SCM440 and S45C. However, since the load concerning a steering etc. is becoming large in recent years, a 
demand to abrasion resistance and pitching-proof nature is increasing increasingly. Although the abrasion resistance in an elevated 
temperature and pitching-proof nature are needed in order that a surface degree of hardness may decrease by annealing in becoming 
hot environments especially during use, the present condition is that the demand is not attained. 
[0003] 

[Problem(s) to be Solved by the Invention] The place which this invention was made against the background of the above situations, 
and is made into the purpose of this invention is offering the steel for induction hardening excellent in abrasion resistance and 
pitching-proof nature. 
[0004] 

[Means for Solving the Problem] In order to raise abrasion resistance and pitching-proof nature, it is effective to raise resistance to 
temper softening. Therefore, it is JIS about Si said to raise resistance to temper softening. When it processed on the same induction 
hardening conditions as JIS steel by carrying out increase-in-quantity addition rather than SCM440 and S45C, it was possible to have 
raised resistance to temper softening rather than JIS steel, it found out that abrasion resistance and pitching-proof nature were 
improved greatly, and this invention was obtained. 

[0005] That is, the means of this invention for solving the above-mentioned technical problem is steel for induction hardening applied 
to the components the content of an alloy element excelled [ components ] in invention of claim 1 at abrasion resistance and pitching- 
proof nature by the remainder consisting of Fe and an unescapable impurity by mass % C:0.30 - 0.50%, Si:0.30-1.50%, and Mn:0.30-1.50%. 

[0006] It is the steel for induction hardening applied to the components containing one sort which is mass % and was chosen from 
nickel:0.03-3.00%, 0:0.05-0.30%, and Mo:0.01-1.50% in addition to the alloy element of the means of claim 1 in invention of claim 2, or 
two sorts or more which were excellent at abrasion resistance and pitching-proof nature. 

[0007] It is the steel for induction hardening applied to the components containing one sort which is mass % and was chosen in addition 
to the alloy element of the means of claims 1 or 2 in invention of claim 3 from V:0.05 - 0.50%, B:0.0005 - 0.0050%, Ti:0.02-0.05%, and 
Nb:0.005-0.200%, or two sorts or more which were excellent at abrasion resistance and pitching-proof nature. 

[0008] It is the steel for induction hardening applied to the components which are mass %s and contain aluminum:0.005-0.050% and 
N:<=0.015% in invention of claim 4 in addition to the alloy element of the means of any 1 term of claims 1-3, and which were excellent 
at abrasion resistance and pitching-proof nature. 

[0009] It is the steel for induction hardening applied to the components containing one sort which is mass % and was chosen in 
invention of claim 5 in addition to the alloy element of the means of any 1 term of claim -4 from S:0.003 - 0.020%, Pb:0.03-0.20%, 
Bi:0.03-0.15%, and calcium:0.0003-0.0050%, or two sorts or more which were excellent at abrasion resistance and pitching-proof nature. 

[0010] In invention of claim 6, the Vickers hardness number at the time of annealing at 300 degrees C offers the steel for induction 
hardening in the means of any 1 term of claims 1-5 which are 500 or more HV applied to the components excellent in abrasion 
resistance and pitching-proof nature after induction hardening processing. 

[0011] The reason for limitation of the alloy element in this invention is explained below. In addition, mass % shows %. 
[0012] C:0.30 - 0.50%C is an element indispensable when securing the reinforcement of steel, and the content determines the hardness 
after induction hardening. So, in this invention, the minimum of C content was made into 0.30%, and hardness is secured. However, 
since the evil of reducing degradation and machinability of toughness will be brought about if there are too many the contents, an upper 
limit is made into 0.50%. 

[0013] Si: 0.30 - 1.50%Si is an element which has an important role in this invention, dissolves in a matrix, and raises a tempering 
softening property by controlling a pearlite transformation. When the content is less than 0.30%, the effectiveness is not fully acquired, 
but since toughness and machinability will be reduced if many [ too ], an upper limit is made into 1.50%. 

[0014] Mn: 0.30 - 1.50%Mn raises the hot-working nature of steel, and secures hardenability. When the content is less than 0.30%, the 
effectiveness is not fully acquired, but since machinability and cold forging nature will be degraded if many [ too ], an upper limit is 
made into 1.50%. 

[0015] nickel: 0.03 - 3.00%nickel raises hardenability and makes the reinforcement in crystal grain increase. When the content is less 
than 0.03%, the effectiveness is not fully acquired, but since the grain boundary segregation of P will be promoted if many [ too ], an 
upper limit is made into 3.00%. 

[0016] Cr: 0.05~0.30%Cr contributes to improvement in hardenability. When the content is less than 0.05%. the effectiveness is not fully 
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acquired, but since concentration into carbide will take place at the time of spheroidizing, carbide will remain at the time of induction 
hardening and uniform hardening hardness will not be obtained if many [ too ], an upper limit is made into 0.30%. 

[0017] Mo: Mo contributes to improvement in hardenability 0.01 to 1.50%. When the content is less than 0.01%, the effectiveness is not 
fully acquired, but since workability will be degraded if many [ too ], an upper limit is made into 1.50%. 

[0018] V:0.05 - 0.50%V contributes to grain refining, and raises toughness. When the content is less than 0.05%, the effectiveness is not 
fully acquired, but since a mechanical property will be degraded if many [ too 1 an upper limit is made into 0.50%. 
[0019] B:0.0005 - 0.0050%B is an element which strengthens grain boundary reinforcement and raises toughness, and raises 
hardenability. When the content is less than 0.0005%, the effectiveness is not fully acquired, but since hardenability will be conversely 
reduced if many [ too ], an upper limit is made into 0.0050%. 

[0020] Ti: It is the element which Ti fixes free-N in steel 0.02 to 0.05%, and raises the effectiveness to the hardenability of B, and 
raises toughness. In order that the amount of N in steel may specify it as 0.015% or less even if the effectiveness is not fully acquired 
but exceeds 0.05% when the content is less than 0.02%, since the effectiveness is saturated, it makes an upper limit 0.05%. 
[0021] Nb: 0.005-0.200%Nb is an element which controls coarsening and raises toughness. When the content is less than 0.005%, the 
effectiveness is not fully acquired, but if many [ too ], in order to carry out precipitation hardening of the ferrite ground by carbon 
nitride generation, since deformation resistance is made to increase, an upper limit is made into 0.200%. 

[0022] aluminum: 0.005 - 0.050%aluminum is an element required as deoxidation material, and it is the element which combines with N, 
serves as AIN and controls big and rough-ization of crystal grain. Since the effectiveness is not fully acquired, but an alumina system 
oxide will increase if many [ too ] and a fatigue property and workability are reduced when the content is less than 0.005%, an upper 
limit is made into 0.050%. 

[0023] N: Since TiN will increase and <=0.015%N will have a bad influence on a fatigue property if it is contained exceeding 0.015%, it 
makes an upper limit 0.015%. 

[0024] Each of S:0.003 - 0.020%, Pb:0.03-0.20%, Bi:0.03-0.1 5%, calcium:0.0003% - 0.0050%S, and Pb(s), Bi(s) and calcium are elements 
which raise machinability. When there are too few the contents, the effectiveness is not fully acquired, but since it has a bad influence 
on a property too as many, the range is determined. 
[0025] 

[Embodiment of the Invention] The steel of the gestalt of operation of this invention is shown in Table 1 and 2, drawing 1 -4, and a list 
through an example. In Table 1, as for the gestalt of operation of claim 3, and the invention steel 4, the invention steel 1 shows [ the 
gestalt of operation of claim 1, and the invention steel 2 ] the steel of the gestalt of operation of claim 5 for the gestalt of operation of 
claim 2, and the invention steel 3, as for the gestalt of operation of claim 4, and the invention steel 5-15. 
[0026] 
[Table 1] 

(M96) 





C 


Si 


Hn 


S 


Cr 


Vo 


Ti 


B 


Al 


N 




1 


0.43 


0. 49 


0. 59 


0. 002 


0. 03 










0. 0053 




2 


0. 47 


0. 52 


0.62 


0. 001 


0.14 


0. 02 








0. 0059 




3 


0.44 


0. 47 


0. 60 


0. 002 


0.17 


0. 03 


0.033 


0. 0014 




0.0065 




4 


0.45 


0. 49 


0. 59 


0. 002 


0.15 


0. 03 


0. 029 


0.0012 


0. 032 


0. 0065 




5 


0.44 


0.31 


0. 61 


0.012 


0.14 


0. 02 


0.031 


0.0013 


0. 033 


0. 0062 




6 


0.43 


0.51 


0. 60 


0.011 


0.14 


0.03 


0. 029 


0. 0014 


0.029 


O.O049 


* 

m 


7 


0. 46 


0. 69 


0. 60 


0. 014 


0.16 


0.02 


0. 029 


0.0012 


0.026 


0.0067 


m 


8 


0. 47 


0. 88 


0. 58 


0. 009 


0.17 


0.02 


0.033 


0. 0009 


0.032 


0. 0056 




9 


0.43 


1.01 


0.61 


0. 011 


0.14 


0.02 


0. 029 


0.0012 


0.030 


0. 0065 




10 


0.45 


1.32 


0.62 


0. 014 


0.15 


0.03 


0. 030 


0.0011 


0.031 


0.0055 




11 


0.45 


1.49 


0. 62 


0. 013 


0.13 


0.03 


0. 032 


0.0013 


0. 033 


0.0059 




12 


0. 46 


0. 53 


0. 60 


0. 012 


0. 26 


0. 02 


0. 028 


0. 0014 


0. 032 


0. 0049 




13 


0.43 


0.51 


0. 60 


0.011 


0.13 


1.01 


0. 030 


0. 0012 


0. 029 


0.0066 




14 


0.44 


0.49 


0. 58 


0. 014 


0.16 


0.04 


0.033 


0.0045 


0.028 


0. 0065 




15 


0.45 


0. 50 


0.63 


0. 011 


0.19 


0.02 


0.031 


0. 0014 


0.031 


0. 0123 




1 


0.44 


0.07 


0. 59 


0. 011 


0.17 


0.02 


0.031 


0.0011 


0.033 


0. 0055 


jt 
« 
a 


2 


0. 46 


0. 20 


0. 60 


0. 014 


0.16 


0.02 


0.033 


0.0018 


0. 032 


0. 0068 


3 


0. 46 


2. 03 


0. 58 


0. 012 


0.19 


0.03 


0. 028 


0. 0013 


0. 028 


0.0063 


4 


0.45 


0. 54 


0. 62 


0. 013 


0. 52 


0. 02 


0. 029 


0. 0013 


0.029 


0.0060 




5 


0. 42 


0. 49 


0.63 


0. 009 


0.16 


0.02 


0. 029 


0.0099 


0.029 


0.0057 




6 


0. 47 


0. 52 


0. 61 


0.012 


0.14 


0.02 


0. 030 


0.0012 


0.030 


0.0211 



[0027] 

[Example] After ingoting the steel of the chemical composition shown in Table 1 with 100kg vacuum melting furnace, hot forging was 
carried out at 1 150 degrees C, and the material with a diameter of 32mm was manufactured. Subsequently, after normalizing to said 
each material, as for this roller pitching test piece 1 that created the roller pitching test piece 1 shown in drawing 1 . the diameter of a 
central major diameter has the dimension 26mm and whose die length are 28mm and whose die length the diameter of the narrow 
diameter portion of both sides is 22mm, and is 51mm. And after performing induction hardening processing which carries out a 
postscript to each roller pitching test piece 1, the roller pitching trial was performed. 

[0028] Induction hardening processing was carried out on condition that the output of 40kW, the frequency of 200kHz. the electrical 
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potential difference of 9.5kV, current 3.2A, and coil passing speed 7 mm/sec, and performed tempering processing at 180 degrees C. 
[0029] Here, the principle of a roller pitching trial is shown in drawing 2 . That is, in quest of 2, i.e., the number of rotations which is a 
life until it makes 3334Ns /carry out high-speed rotation under the planar pressure of 2 mm and pitching occurs, p itching-proof nature 
was evaluated for the roller pitching test piece 1 (small roller quality of the material steel of Table 1), and the partner material 2 (large 
roller 420 about JIS SCM) 340 kgfCs)/mm. In addition, the difference of the peripheral speed of the roller pitching test piece 1 (small 
roller) and the partner material 2 (large roller), i.e., a slip ratio, is 40% in this case. And after examining for five roller pitching test pieces 
1 about a monograph affair, respectively, the Weibull plot was performed and pitching-proof nature was evaluated in quest of the 
breakage probability life (B50 life) 50%. Furthermore, the hardness in 100-micrometer location was measured under the 300-degree C 
high temperature service from the front face of a hard facing layer cross section. The result of induction hardening material is shown in 
Table 2 and drawing 3 , and 4. According to drawing 3 , the hardness in 300 degrees C is going up as the content of Si is made 
{ many ], and it is over 500HV by 0.3% or more of addition. In addition, the effectiveness is saturated as for 1.5% or more in the content 
of Si. Moreover, the effectiveness will be saturated, if the pitching life B50 is improving and a content is made 1.5% or more as the 
content of Si is made [ many ] according to drawing 4 . 
!0030] 
[Table 2] 





300<tK£fiB$(HV) 






1 


502 


7.8x10 s 




2 


514 


8.4x10 s I 




3 


510 


8.2x10 s 




4 


513 


8.0 x10 s 




5 


501 


. 7.3x10 s | 




6 


512 


8.5x10 s 


« 

m 


7 


521 


9.6x10 s 


m 


8 


531 


1.5X10 7 


9 


539 


2.3X10 7 i 




10 


547 


2.8X10 7 




11 


554 


3.0X10 7 i 




12 


515 


8 8x10 s 




13 


523 


9.6x10 B 




14 


519 


8.7x10 s 




15 


511 


7.9x10 s 




1 


460 


2.6x10 s 


it 
8 


2 


487 


5.0x10 s 


3 


556 


2.9X10 7 


ffi 


4 


521 


9.8x10 s 




5 


r 514 


8.3x10 s 




6 


510 


8.6x10 s 



[0031] 

[Effect of the Invention] As explained above, this invention steel can make resistance to temper softening increase by adding Si so 
much, consequently is hard at an elevated temperature, and is the steel for induction hardening applicable to the components which 
have the property which was further excellent at pitching-proof nature. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation showing the outline of the roller pitching test piece 1. 
[Drawing 2] It is the perspective view showing the principle of a roller pitching trial. 
- [Drawing 3] It is the graph which shows relation with an amount [ of Si ], and a hardness of 300 degrees C. 

[Drawing 4] It is the relation between the amount of Si, and a pitching life, and is the graph which shows the roller pitching test result 
of induction hardening material. 
[Description of Notations] 

1 Roller Pitching Test Piece 

2 Partner Material 



[Translation done.] 
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[00103 mmmeomM^t. mm&mxtxnm 
ohv«±-c^^>i8^3ii -5CDi>m*p mo#©cc 



3 

[0011] «TCC*»W«:*j^&^5cJR(DIHS1* 
[ 0 0 1 2 3 C:0. 30-0. 50% 

TTtt, C^Wfi<7)TK£0. 3 0%<tU 

0. 5 0°/oit§ 0 

[0013] Si:0. 3 0-1. 5 0% 

0.30 %*ios^(if(7)»^iciif#^n-f, 
*t-ar*<kim^»s«tt*iSTS'&*<Dr±iR* 1 . 5 

[0 0 1 4 ] Mn :0. 3 0-1. 5 0% 

0.30 

R*l. 5 0%i-T^ 8 
[0015] Ni:0. 0 3-3. 0 0% 

TLhR*3. 00%in, 
[0 0 1 6 ] C r :0. 0 5-0. 3 0% 

c r ra«Att©rnj±cc«F#-r«. o. 05 

A*i«F«:«jt»3WS«o. *-tt«A«K3*s»6*itt 
t>©T±R*0. 3 0%iT^ 6 
[0 0 1 7 ] Mo :0. 0 1-1. 5 0% 
Mo tt* Att©fil±K:W^^i. *©SWft6S0. 0 1 

tfllXtt*9e{fcS*«©r±|R*l. 5 0%£lT£o 
[0018] V:0. 0 5-0. 5 0% 

vtt*aiftattiB^tcc»^origtt*rfii±3**. -eos 

0. 50%d:-f3 o 

[0019] B:0. 00 0 5-0. 0 0 5 0% 



(3) ^2 002- 1 9448 2 

4 

rtisttsjaisr**. *od*«*o. 0005%* 

«C«Attt«T3*4©T±R*0. 00 50%if 

[0 020] Ti :0. 0 2-0. 0 5% 
T i «IH*0 f r e e - N BOftAtt^CD^ 

S# 0 . 0 2 %*»(D«^«*<D5»**i+»*C«S6 ti 
T. 0. 0 5%£fi&rfc$|t£CDNS#0. 0 15%« 

0. 0 5°/od:1-^ 

[0 0 2 l]Nb:0. 0 0 5 — 0. 2 0 0% 
*4. *<D^«***0. 0 0 5 %*ffl<D»-&«*<Djft* 

©r±PS^0. 2 0 0%it^ o 
[0 022] Al:0. 0 0 5-0. 0 50% 

20 ta i Niaoeae©ai^k*«i«i-r47ca-c*4. 

*<D^I*# 0.0 0 5 %*vH^i#^B^cD^^+^ 

ft#*ftt?t *Xt4£ffiT£tf£cori:K£0. 0 5 0% 

[0 02 3 ] N:^0. 0 15% 
NteO. 0 1 5%£jH*.T$*tr&<hT i N#fiftlU 

ft»i^cc«aB»*a«-r ®-c±i»* o . o 1 5 % 1 1 

[0 024] S:0, 003-0. 02 0%, Pb:0. 
30 0 3—0. 2 0%, Bi:0. 03-0. 15%, Ca: 
0. 0 0 0 3%-0. 0 0 5 0% 
S, Pb, Bi, Ca»l^mtlfiBiJ14*I«l±3li-47c 

[0 02 5] 

*vr 0 stuc^r, ##£§0 i «ta*^ 1 <omm<om 

40 & ^SI2«fS*]12©3S5ScD^, %9J«3U:Mt« 

^«5^ 1 5 ««*S5 ©H«fi<DJB!8oa**-r. 
[002 6] 
[*1 1 



(4) 



2 0 0 2- 1 9448 2 





C 


Si 


Hn 


s 


Cr 


yo 


Ti 


B 


Al 


H 




1 


0.43 


0.40 


0. 59 


0. 002 


0. 03 


— 


— 


— 


— 


0.0053 




2 


0. 47 


0.52 


0. 62 


0.001 


0.14 


0. 02 


- 


— 


— 


0.0059 




3 


0. 44 


0.47 


0.60 


0.002 


0.17 


0. 03 


0. 033 


0.0014 


— 


0.0065 




4 


0.46 


0.49 


0. 69 


0. 002 


0.15 


0.03 


0. 029 


0.0012 


0.032 


0.0085 




5 


0.44 


0.31 


0.61 


0.012 


0.14 


0. 02 


0.031 


0. 0013 


0.033 


0.0062 




6 


0.43 


0.51 


0. 60 


0.011 


0.14 


0. 03 


0. 029 


0. 0014 


0.029 


0.0049 


ft 
® 
m 


7 


0. 46 


0.69 


0. 60 


0. 014 


0.16 


0. 02 


0. 029 


0.0012 


0.028 


0.0067 


8 


0. 47 


0.88 


0. 58 


0. 009 


0.17 


0. 02 


0. 033 


0. 0009 


0.032 


0.0056 


9 


0.43 


1.01 


0.61 


0.011 


0.14 


0. 02 


0. 029 


0. 0012 


0.030 


0.0065 




10 


0.45 


1.32 


0.62 


0.014 


0.15 


0. 03 


0. 030 


0. 0011 


0.031 


0.0055 




11 


0. 45 


1.49 


0. 62 


0.013 


0.13 


0. 03 


0. 032 


0.0013 


0.033 


0.0059 




12 


0. 48 


0.53 


0. 60 


0. 012 


0. 28 


0. 02 


0. 028 


0. 0014 


0. 032 


0.0049 




13 


0.43 


0.51 


0.60 


0.011 


0.13 


1.01 


0. 030 


0.0012 


0.029 


0.0066 




14 


0.44 


0.49 


0.58 


0.014 


0.16 


0. 04 


0.033 


0. 0045 


0. 028 


0.0065 




15 


0. 45 


0.50 


0. 63 


0.011 


0.19 


0. 02 


0. 031 


0. 0014 


0.031 


0.0123 




1 


0.44 


0.07 


0. 59 


0. 011 


0.17 


0. 02 


0. 031 


O.0011 


0.033 


0.0055 


it 

n 
m 


2 


0. 48 


0.20 


0.60 


0.014 


0.16 


0. 02 


0.033 


0. 0018 


0.032 


0.0068 


3 


0. 46 


2.03 


0. 58 


0.012 


0.19 


0. 03 


0. 028 


0. 0013 


0.02B 


0.0063 


4 


0.45 


0.54 


0. 62 


0.013 


0. 52 


0. 02 


0. 029 


0.0013 


0. 029 


0.0060 


5 


0. 42 


0.49 


0. 63 


0. 009 


0.16 


0.02 


0. 029 


0. 0099 


0.029 


0.0057 




B 


0. 47 


0. 52 


0.61 


0.012 


0.14 


0. 02 


0. 030 


0.0012 


0.030 


0.0211 



[0027] 

immm] m i ic^tit^mtfivmz i o o kga?^ 
mmcxmmLtcm. 1 1 5o°cxmmm^Lxm.m3 

2mm<D3ltt£l&SL/to -X^x, mi^MU^MOX 

^&(Dj^m<Dm&ft2 6mm. g£#2 8mmi? 
mM(D'b@M<Dm&fr2 2 mm, g£#5 1mm 30 

[0 0 2 8 ] MttKAftAHGX. tB^4 0 kW, m& 
t2 00 kHz, HEE9. 5kV. . 2A, n A 

Jl/^ttaS 7mm/sec <D*fr T'HiS L % 1 8 0 XT' 

[002 9] CCX\ U-^-tv*lsVMM<Dl¥m* 

— : J I S SCM4 2 0tB^) i^340 kg f/m 
m 2 3 3 3 4N/mm'0®EETri§iI@f££ 

aertffit: v t/mzmmutc. scorns, 0-5 

v+zsvumx 1 {sxtmzn-?tc&, 
)vzruy h&m*. 5 o%mmMm& (b 50 ^) £ 



ffiCOmMfrh 1 0 0 Mm«t>^^^3 0 O a C<D 

nwLgkttTicxmmistt. w«ss«Ati*tois***2 

66^83, 4tC^-T 0 i3{a^i, S i ©^Wi 

0. 3%«±<oasttrc5 0 oHv^ain^. ttte, 
s i <D^mmz 1 . 5 %«±fc l x tonmtmm L 

tt^ 0 ^4&c<££<b. S i c7)^fS£^<-r& 

1. 5%£A±t,c?z±^<D®mtmmox\,>2>. 

[0 0 3 0] 
[*2] 





300tft£e$(HV) 






— 


502 


7.8 x10 s 






514 


8.4x10 B 






510 


8.2x10 s 




— 


513 


8.0x10 6 






501 


7.3x10 s 




Q 


512 


8.5x10 s 


ft 
m 


7 
f 


521 


9.6x10 s 


m 


0 

9 


531 


1.6X10 7 




y 


539 


2.3x10 7 




in 


547 


2.8X10 7 




n 


554 


3.0x10 7 




19 


515 


8.8x10 s 




13 


523 


9.6x10 s 




U 


519 


8.7x10 s 




15 


511 


7.9x10 6 




1 


460 


2.5 x10 s 


it 


2 


487 


5.0x10 s 


3 


556 


2.9xl0 7 


m 


4 


521 


9.6x10 8 


5 


514 


8.3 x10 s 




6 


510 


8.6x10 8 



(5) ^2002-194482 
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* [003 1] 

[0ffi©fSUii&S»IU3] 

[Hi] a-7-f-;f> dTOiUt 1 ©*ft*SjVr«ffi 
0-C&&., 

io [02] u-7-Vv*^im8l<DMm*7r;-?mRm? 
[03] S i Si 3 0 0*Cr©l£££©Mft*7jVr* r 5 

[04] s iitfyr^mtown^ 
Atvw© D-7-f-;f> ysa**s*%7n-r y -5 ^ -c * 

[tt-sf©!*^] 
2 ffl**# 

20 



[01 ] 



[0 2] 



[03] 





T 
1 


t 

1 


L 






J 




51mm 


^ 28mm ^ 


51mm n 



[04] 




(CUD' 



0.0 



0.5 1.0 1.5 



! 



2.0 



10« 



10 T :-• 



IK 



10* 



to* 



■ n 



1.0 1.5 



